Abstract. Recently, a new Leishmania amazonensis focus was described in a sub-Andean region (1,450-2,100 meters above sea level) of Bolivia. In this area, three anthropophilic sandfly species were identified: Lutzomyia nuneztovari anglesi Le Pont & Desjeux, 1984, which represented 86-99% of the captures, Lu. galatiae Lu. shannoni Dyar 1929. Only Lu. nuneztovari anglesi was found naturally infected by flagellates (16 of 1,715 females). Three Leishmania stocks were isolated and analyzed by isoenzyme electrophoresis at 11 loci. No significant isoenzymatic differences were demonstrated between them and 7 stocks isolated from patients from the same area, and previously characterized as L. amazonensis. Moreover, in a simplified protocol, the experimental infection of Lu. nuneztovari anglesi by L. amazonensis was successful in 92% of the surviving specimens. These data are discussed in relation to the Killick-Kendrick criteria. These results strongly suggest that Lu. nuneztovari anglesi is the vector of L. amazonensis at Cajuata, Inquisivi, La Paz, Bolivia.
In Bolivia, only two Leishmania species have been identified as agents of human cutaneous leishmaniasis: L. (V.) braziliensis and L. (L.) amazonensis. The first one is a widespread parasite in Bolivia, [1] [2] [3] [4] while the second one has been reported only rarely. [5] [6] [7] Leishmania amazonensis is better known from sylvatic lowlands, especially in Amazonia, 8, 9 where all proven vectors belong to the Lutzomyia flaviscutellata complex, 9,10 but the cycle is able to survive in plantation woodland and deforested areas as in Brazil. 11 In the Venezuelan and Ecuadorian Andes, parasites related to L. amazonensis have been described (L. garnhami 12 and L. mexicana, 13 respectively). Leishmania amazonensis is potentially very dangerous and occasionally induces a chronic and eventually fatal disease known as cutaneous diffuse leishmaniasis (CDL). The first Bolivian case reported by Prado Barrientos from the neighboring region of the Yungas was a typical case of CDL probably due to L. amazonensis. 14 Recently, we described an outbreak of cutaneous leishmaniasis in the province of Inquisivi, La Paz, 15 where the parasite was identified as L. amazonensis on the basis of biologic and molecular data. The present study provides evidence indicating that the vector of L. amazonensis is Lu. nuneztovari anglesi Le Pont and Desjeux, 1984.
MATERIALS AND METHODS
Study area. The L. amazonensis focus is located at Cajuata and surrounding communities in the province of Inquisivi in southeastern region (67º15ЈW, 16º42ЈS) of the Department of La Paz, Bolivia. The study area is at an altitude ranging from 1,450 to 2,100 meters above sea level. 15 It is a deforested valley with very steep slopes such that the bottom of the valley is shaded early in the afternoon. The human population lives in scattered adobe brick houses with corrugated iron roofs. Around the settlements, land is cultivated with coca plantations, root vegetables, and papaya crops, while residual deciduous forests with xerophytes and epiphytes cover the steepest places. The cumulative prevalence of cutaneous leishmaniasis was determined in the population by house-to-house studies. Two hundred inhabitants were examined in December 1995 and 215 inhabitants were examined in March 1996.
Sandfly collections, dissection, and parasite isolation. From October 1995 to September 1996, except for November 1995 and March 1996, monthly protected human bait captures (capturing the sand flies attracted to exposed legs; only the authors of this study were subjected to this procedure) in coffee crops or residual forest were organized on two consecutive nights each month between 6:00 PM and 10:00 PM. Female specimens were caught in individual glass tubes, and immediately dissected in saline solution (0.9%) on glass slides for microscopic examination. When positive for flagellates, the gut and head content was aspirated into a syringe with saline solution and subsequently inoculated into a hamster. Material from hamster lesions developing a granuloma at the inoculation site was aspirated into a syringe containing sterile saline solution and then cultured in tubes of diphasic medium (NNN and Schneider's). These were stored at 24ºC after changing from diphasic to monophasic medium (Schneider's). The study was approved by the Scientific Committee of the Instituto Boliviano de Biología de Altura.
Experimental infection of sand flies. Using local facilities but without temperature and humidity control, 140 wild female Lu. nuneztovari anglesi were blood fed on anesthetized hamsters experimentally infected with a patient strain from the same region and previously characterized as L. amazonensis by isoenzyme analysis. Of these 140 specimens, 6 were randomly selected 36 hr after the blood meal and checked for the presence of promastigotes in the digestive gut. After 60 hr, only 13 sand flies had survived, which were also examined. The other anthropophilic species (Lu. galatiae and Lu. shannoni) were not tested because their rarity did not permit us to gather a representative live sample after 24 or more hours. On the other hand, no member of these two species was found to be positive for flagellates after field dissection.
Isoenzyme electrophoresis. Three stocks of parasites iso- lated from wild Lu. nuneztovari anglesi were compared with 7 stocks isolated from human lesions previously identified as L. amazonensis, 15 as well as with reference strains of L.
Cellulose acetate plates (Helena Laboratories, Beaumont, TX) were used. Running conditions and identification techniques were as described by Dujardin and others. 16 Each sample was mixed with a hypotonic enzyme stabilizer, held for 30 min on ice, centrifuged for 2 min at 3,500 ϫ g, and immediately subjected to electrophoresis. All aliquots allowed the survey of as many as 12 different enzyme systems, including additional analyses for controls or verifications. The following 12 enzyme systems were assayed: aconitase (EC 4.2.1.3, ACON), glucose-6-phosphate dehydrogenase (EC 1. 1.3.11, FDP) .
Numerical analysis. The proportion of loci with fixed differences, i.e., loci showing no allele in common, was estimated as the convenient genetic distance between stocks. 17, 18 From these distances, an unweighted pair group method of analysis (UPGMA) tree was constructed.
RESULTS
House-to-house studies. Until 1995, leishmaniasis in the study area was known only from sporadic cutaneous cases with no history of mucocutaneous lesions (espundia) or fatal visceral leishmaniasis. In December 1995, 39 cases (19%) were clinically identified in 200 inhabitants examined, 12 (6%) had active lesions and the remaining patients had scars. In March 1996, 22 new cases were identified with active lesions (215 inhabitants examined). In the locality of Cajuata, where 45-55% of the houses had clinical cases, only L. amazonensis could be identified. The study area is clearly a circumscribed new focus of leishmaniasis with high endemicity.
Sandfly collections. From 86% to 99 % of the female sand flies captured on human bait during a one-year period were Lu. nuneztovari anglesi, the remaining ones were Lu. galatiae and Lu. shannoni, in decreasing order of abundance (Table 1) .
Natural infection of Lu. nuneztovari anglesi. Only Lu. nuneztovari anglesi was found infected with flagellates in the midgut, the pharynx, cibarium, and proboscis. This natural infection was detected each month, except in February. Of the 1,715 female Lu. nuneztovari anglesi dissected, 16 (0.93%) were infected with promastigotes (Table 1) .
Parasite isolation. Four to six weeks after inoculation of promastigotes from the gut and head of infected sand flies into the hind legs of hamsters, three hamsters developed nodular lesions, without ulceration, which progressively increased and developed into metastatic peripheral lesions (forelegs, nose, ears, tail, and mucocutaneous zones) after 6-8 months. Samples obtained from these lesions showed abundant free parasites as well as many vacuolated histiocytes containing parasites. Three stocks, each from a different hamster, were isolated. Development of parasites in the culture media was observed after 48 hr.
Experimental infection of sand flies. From the 6 sand flies examined 36 hr after experimental infection, all had flagellates in the gut. Sixty hours after infection, 13 (9%) sand flies had survived, of which 12 (92%) showed abundant flagellates in the midgut and head (pharynx, cibarium, and proboscis).
Isoenzyme electrophoresis. Of the 12 enzyme systems used, 10 were retained due to reproducibility and good histochemical identification on the gels. Since one of these systems (MPI) systematically produced two bands, 11 loci were estimated. The UPGMA dendrogram (Figure 1) , based on Richardson's distances 17 (Table 2) , illustrates the similarity between stocks isolated from patients and insects, their close proximity with the L. amazonensis reference strain, as well as their clear-cut differences from the L. pifanoi, L. mexicana, L. chagasi, and L. braziliensis reference strains.
An average of 12% fixed differences was found between stocks isolated from patients and from Lu. nuneztovari anglesi (Table 2 ). No differences were found between 4 stocks isolated from patients (P5, P11, P13, and P21) and 2 from FIGURE 1. Unweighted pair group method of analysis tree derived from Richardson's distances, i.e., the proportion of loci showing no alleles in common between any two groups of an estimated total of 11 loci. Stocks isolated from patients ϭ P5, P11, P13, P16, P21, P27, and P34; stocks isolated from Lutzomyia nuneztovari anglesi ϭ IA, IB, and IC; reference strains ϭ La (Leishmania ama- Lu. nuneztovari anglesi (IA and IC) ( Figure 1 and Table 2 ). The reference strain of L. amazonensis (IFLA/BR/67/PH8) showed 9% fixed differences, i.e., only one locus with no shared alleles 16 with two insect parasite stocks (IA and IC), and no difference compared with the third one (IB) ( Table  2) .
DISCUSSION
The present data provided the two essential criteria indicating the vectorial role of a sand fly: 10 1) its anthropophily and 2) the repeated isolation and identification of the same species of Leishmania as that found in patients. The anthropophilic behavior of Lu. nuneztovari anglesi was already known in the nearby North Yungas province of Bolivia. 3 In our study, we also confirmed Lu. nuneztovari anglesi as an anthropophilic species in Inquisivi Province along with two other sand flies: Lu. galatiae and Lu. shannoni.
The next crucial criterion i.e., insects and patients with the same parasite, 19 was supported by isoenzyme comparisons. The genetic distance between insects and patients stocks could be zero (IA and IC, Figure 1 ) or, on average, Ͻ 13%. These genetic distances between insect and patient strains, as well as the level of their genetic differences with L. amazonensis (zero in one case, see IB, Figure 1 ), were commensurate with intraspecific variation. 17 Among the anthropophilic sand flies, Lu. nuneztovari anglesi was by far the most abundant one (86-99%). It was the only anthropophilic species found naturally infected with flagellates. A notable observation was its monthly infection (except in February), which suggests that the transmission cycles runs permanently throughout the year.
The full development of parasites in its digestive tube could be assessed by experimental infection. 10, 19 Among living specimens available, Lu. nuneztovari anglesi showed a high rate of infection (6 of 6 after 36 hr and 12 of 13 after 60 hr). High mortality of the specimens after 60 hr (121 of 134) was probably due to inadequate field conditions.
We could not demonstrate that Lu. nuneztovari anglesi was able to transmit the parasite by bite, 10, 19 but the natural and experimental infection of its proboscis was strong evidence supporting this behavior. 10, 19 The animal reservoir was not determined in this study, but the present data strongly support Lu. nuneztovari anglesi as the vector of L. amazonensis in the Inquisivi Province of Bolivia. The remaining anthropophilic species, Lu. galatiae and Lu. shannoni, could not be ruled out as possible vectors. However, their low biting rate and prevalence make their possible role a secondary one.
It is worth noting that Lu. nuneztovari anglesi has been suspected as a vector of L. braziliensis in a nearby focus of the Yungas. 20, 21 This uncommon feature, i.e., the transmission of a peripyloric parasite in one focus and a suprapyloric one in another nearby focus, should be verified by exploring the species homogeneity of Lu. nuneztovari anglesi.
